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Purpose: Cartilaginous structures have exhibited a limited ca-
pacity to repair. Traumatic lesions in the articular surface are a
signiﬁcant source of pain and rarely heal spontaneously. While
the therapeutic intervention for the repair of cartilage, including
cell-based engineered repair, requires an understanding of the
regulatory effects of growth factors, the potential for synergies
with physical forces must also be taken into consideration. In vitro
engineering of cartilage-like and bone-like tissue has been demon-
strated in several laboratories; however, the optimal approach for
creating articular cartilage ex vivo is not known, and therefore
that success has not been translated to an in vivo success story.
The overall goal of this study is to optimize the conditions, both
physiologic and biophysical, of a tissue-engineered biocomposite
to restore the form and function of articular cartilage in damaged
joints.
Methods: Porcine synovium is aseptically harvested from the knee
joints and digested with 0.1% trypsin and 0.1% Collagenase P in
DMEM/10% fetal (FBS) for 2 h at 37°C. Isolation of the Synovial
Type B Fibroblast (SFB) was accomplished with Dynabeads M-450
CD14. 0.5×106 cells were pelleted at 1000rpm for 10’, grown in
a deﬁned differentiation medium with and without TGFβ1. Oxygen
concentration is tightly controlled with a BioSpherix OXc oxygen
culture system.
For histology and immunohistochemistry, specimens are ﬁxed for
24 h at 4°C in 4% paraformaldehyde in PBS (pH 7.4), parafﬁn em-
bedded, and sectioned at 5 μm. Consecutive sections are stained
with Safranin O/Fast Green for sulfated glycosaminoglycans and
are immunostained with monoclonal antibodies against porcine
collagen type II. Propidium iodide is used for nuclear staining. All
staining is controlled for non-speciﬁc binding without the primary
antibody.
The glycosaminoglycan (GAG) content is determined by a colori-
metric assay with 1,9 dimethylmethylene blue at a wavelength of
525 nm at pH 3.0 with bovine chondroitin sulfate as a standard.
DNA is measured by the Hoechst 33258 dye binding method.
Results: Figure 1 shows the effect of a 1% oxygen environment
for the 14 day growth and differentiation of developing cartilage.
With a supplement of 10 ng/ml TGFβ1 the cultures exhibited
greater than a 2 fold increase in GAG accumulation when com-
pared with supplemented cultures grown at 21% oxygen (p<0.01).
Additionally, DNA content at day 7 was increased in hypoxia with
or without growth factor supplementation (p<0.01) (Fig. 2).
Conclusions: The challenge of any engineered tissue is to with-
stand the physiological and biomechanical demands of the native
tissue. In the case of cartilage, the engineered substitute must
not develop an immune or inﬂammatory response, be functionally
integrated into the surrounding native tissue, and not degrade
Figure 1
Figure 2
following repeated loading. It has been well accepted that the
physical microenvironment exerts local regulatory inﬂuences on
gene expression for, and synthesis of, structural extracellular ma-
trix (ECM) and signaling proteins in all skeletal tissues. The local
microenvironment of cells in an engineered tissue construct can
be manipulated as well. We have shown here that the physico-
chemical environment exerts effects on the development of carti-
lage in vitro and we propose that the changes seen in the cellular
response to differing doses
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Purpose: To explore the biological characteristic of an injectable
constructs composing of chondrocytes and alginate hydrogel un-
der the intervention of HBP-A, an extract from Chinese herbs,
as well as its potential prospection in the ﬁeld of cartilage tissue
engineering.
Methods: Chondrocytes isolated from rabbit knee cartilage were
cultured and veriﬁed by immunohistochemistry staining of type II
collagen. After adding HBP-A to cultures with different oncentra-
tion, chondrocyte proliferation was observed on days 1, 3, 5, 7 and
9 by using the 3-(4,5-dimethylthiazol-2yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt (MTS) assay
kit. On day 5, cell proliferation and glycosaminoglycan (GAG)
were tested to explore a suitalbe HBP-A density parameter. While
being cultivated by HBP-A with 0.3mg/ml concentration, matrix
metalloproteinases-3 (MMP-3) content, aggrecan and a disintegrin
and metalloproteinase with thrombospondin motifs 5 (ADAMTS-5)
mRNA expression was tested by enzyme linked immunosorbent
assay (ELISA) and realtime polymerase chain reaction (PCR) re-
spectively. Morphological status of complex with alginate hydrogel
and chondrocytes in vitro was observed by scanning electron
microscope. Calcium alginate hydrogel embedded with chondro-
cytes and HBP-A was injected to nude mice. subcutaneously. At
the end of 6 weeks-transplantaiton, all animals were sacriﬁced
and the specimens were procured for histological examination by
using pathological section and transmission electron microscope.
Cartilage sections were made and stained with Safranin’O/Fast
Green. The mRNA expression level of aggrecan and collegan II in
constructs were tested by PCR.
Results: Our ﬁnding suggested that the capacity of cell prolifer-
ation increased on the timepoints within a cell circle progression.
At 0.3mg/ml concentration, HBP-A could inhibit MMP-3 secre-
tion and ADAMTS-5 mRNA expression. In morfological study, as
prehensively analysied by histological scan and electronic tele-
scope, newly cartilage -liked tissue was found. Furthurmore, while
using HBP-A as an intervention, there were signiﬁcant appear-
